We compared the effects of sevoflurane, isoflurane and propofol infusions on postoperative recovery criteria in geriatric patients. Sixty patients aged > 65 years, classified as American Society of Anesthesiologists (ASA) group 1 or 2 and undergoing gynaecological or urological procedures were randomized equally into three groups. Group 1 received 1 minimum alveolar concentration (MAC) sevoflurane in a 50% O 2 /N 2 O mixture and group 2 received 1 MAC isoflurane in a 50% O 2 /N 2 O mixture. Group 3 received a 50% O 2 /N 2 O mixture plus propofol total intravenous anaesthesia (8 mg/kg for the first 30 min, followed by 6 mg/kg for maintenance). Recovery criteria comprising the times to spontaneous eye opening, extubation, response to verbal stimuli and orientation were recorded following the discontinuation of anaesthesia. Recovery times were significantly shorter in groups 1 and 3 compared with group 2. We conclude that sevoflurane and propofol had similar effects on recovery criteria and were associated with a faster recovery than isoflurane.
Introduction
The elderly comprise an ever-growing proportion of the population, particularly in developed countries. A common definition of 'old age' encompasses people older than 65 years. Another classification system terms those between 65 and 74 years of age as 'elderly', those between 74 and 84 years of age as 'old', and those over 85 years as 'very old'. 1 -3 In geriatric patients, chronological age is not synonymous with biological age, and a great deal of variation can be seen in the health status of people at the same age. Life expectancy has increased due to improvements in health services and novel medications and surgical techniques. These enable more difficult and complicated interventions to be performed and have resulted in frequent encounters between the clinician and the elderly. Co-morbid conditions and an overall decline in physiological function increase surgical morbidity and mortality in this age group, however. 4, 5 We aimed to examine the effects of the commonly used inhalational agents sevoflurane and isoflurane and of propofol C Arar, G Kaya, B Karamanlioglu et al.
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infusion on post-operative recovery criteria in elderly patients. Sevoflurane was first approved in 1987 in Japan and was introduced into general clinical use in 1990. It has a low blood/gas solubility coefficient of 0.6, allowing a quick recovery after the termination of anaesthesia. Isoflurane was introduced in 1977 and has a blood/gas solubility coefficient of 1.4, resulting in a slower recovery time. 6, 7 Propofol was also introduced in 1977; it has a rapid onset of action, is metabolized in the liver to glucuronides and sulphates that are excreted in the urine, and is associated with a quick recovery time. 8
Patients and methods

PATIENTS
Patients aged more than 65 years classified according to the American Society of Anesthesiologists (ASA) as group 1 or 2 who were undergoing gynaecological or urological procedures were recruited. Patients with cardiovascular instability or pulmonary, hepatic, renal, neurological, psychiatric or metabolic diseases were excluded, as were those with an operation duration less than 90 min or who experienced major haemorrhage leading to haemodynamic instability during surgery.
The study was approved by the Ethics Committee of Trakya University Hospital. Written informed consent was obtained from all the study participants.
ANAESTHESIA PROTOCOLS
All patients were pre-medicated with 0.06 mg/kg midazolam 45 min before the procedure. In the preparation room, electrocardiography, heart rate, non-invasive blood pressure and arterial oxygen saturation (using a Cato PM 8040 machine; Dräger, Lübeck, Germany) were monitored.
Anaesthesia was induced using 1.5 mg/kg propofol (Diprivan ® , Abbott, Abbott Park, Illinois, USA) intravenously and 0.06 mg/kg atracurium besylate (Tracrium ® ; Glaxo-SmithKline, Uxbridge, UK), intravenously, and endotracheal intubation was performed when adequate muscle relaxation had been achieved. To reduce the effect of endotracheal intubation on haemodynamic parameters and to provide analgesia, patients were also given a single dose of 500 µg alfentanil (Rapifen; Janssen-Cilag, Titusville, NJ, USA) intravenously.
Patients were divided randomly into three groups. Each group received a different agent for maintaining anaesthesia: group 1 received 1 minimum alveolar concentration (MAC) sevoflurane (Sevorane ™ , Abbott) in a 50% O 2 /N 2 O mixture; group 2 received 1 MAC isoflurane (Forane ® , Abbott) in a 50% O 2 /N 2 O mixture; and group 3 received a 50% O 2 /N 2 O mixture plus propofol total intravenous anaesthesia (8 mg/kg for the first 30 min, followed by 6 mg/kg for maintenance). The MAC values of sevoflurane and isoflurane and the propofol infusion were adjusted according to the haemodynamic responses of the patient: the heart rate and systolic arterial pressure were kept within ± 20/min and ± 20 mmHg, respectively, of baseline values. Throughout the operation, 0.1 mg/kg atracurium besylate was administered intravenously as required. No atracurium was given during the last 30 min of the procedure, and anaesthesia was maintained by assisted respiration for the last 15 min.
Immediately after the inhalational anaesthetic or propofol infusion was terminated at the end of the procedure, assisted respiration with 100% O 2 was instigated. Before extubation, 0.05 mg/kg neostigmine and 0.015 mg/kg atropine sulphate were administered intravenously to all patients to antagonize the effects of the atracurium. 
ASSESSMENT OF RECOVERY
Recovery criteria consisting of the times from discontinuation of anaesthetic until (i) spontaneous eye opening; (ii) response to verbal commands; (iii) extubation; and (iv) orientation (patient able to correctly state their name, age and identification number) were recorded. Patients were monitored in the recovery room for 1 h, and were transferred to the ward once stable.
DATA ANALYSIS
Results are given as the mean ± SD. Betweengroup comparisons for age, weight, operation time, anaesthesia time and recovery criteria were performed using a non-parametric t-test (Mann-Whitney U-test); the Student-Newman-Keuls (SNK) test was used post-hoc to test for significant differences. Between-group comparisons for gender were performed using Fisher's exact test. A P-value < 0.05 and a SNK value > 10.2 were considered to be statistically significant.
Results
A total of 73 patients were recruited to the study. Of these, 13 were excluded and the remaining 60 patients were randomized into three equal groups of 20. There were no significant differences between the three groups with regard to demographic characteristics, duration of operation or duration of anaesthesia ( Table 1 ).
The total doses of the inhalational anaesthetics used during the procedures are given in Table 1 . Propofol was infused at a rate of 8.0 ± 0.7 mg/kg for the first 30 min, followed by a rate of 6.0 ± 0.6 mg/kg for maintenance. The amount of propofol given was 476.0 ± 10.7 mg during the first hour and 395.0 ± 9.2 mg during the second hour, giving an overall total dose of propofol given of 871.0 ± 12.7 mg (Table 1) .
Significantly shorter times to spontaneous eye opening (P = 0.0002, SNK = 10.9), extubation (P = 0.0002, SNK = 11.9), response to verbal commands (P = 0.0001, SNK = 14.5) and orientation (P = 0.0001, SNK = 19.7) were recorded in groups 1 and 3 compared with group 2 ( Table 2 ). There were no significant differences between groups 1 and 3 with regard to the recovery criteria measured ( Table 2 ).
C Arar, G Kaya, B Karamanlioglu et al. Effects of sevoflurane, isoflurane and propofol on post-operative recovery criteria
Discussion
Our objective was to compare the effects of sevoflurane, isoflurane and propofol on postoperative recovery criteria in geriatric patients. Our data suggest that sevoflurane and propofol are associated with a faster recovery, including times to spontaneous eye opening, extubation, response to verbal stimuli and orientation, compared with isoflurane in geriatric patients undergoing elective urological or gynaecological procedures.
Factors such as autonomic dysfunction, cardiac and respiratory problems, and concomitant medications limit the choice of anaesthetic agents and methods in elderly and debilitated patients. In the elderly, central compartment volume, tissue perfusion and total body clearance decrease, sensitivity to the action of drugs and the risk of drugdrug interactions increase, doses required decrease and the duration of action increases. 3 An ideal anaesthetic agent for use in older and debilitated subjects with cardiac, metabolic or neurological problems should not have any adverse effects on organ function. 9 It should also be kept in mind that inhalational anaesthetics have a faster onset of action in the elderly due to the decline in cardiac output, although their effect is likely to be diminished in those with ventilation/ perfusion abnormalities. Agents with lower blood solubility are preferred in this age group, as they not only accelerate the recovery process but also facilitate the control of the depth of anaesthesia. 2 Various anaesthetic agents have been investigated with the purpose of preventing possible complications, but sevoflurane and propofol remain among the five most frequently used anaesthetics. Martin et al. 10 reported that these two agents are still frequently used in the elderly, but their usage decreases with increasing age.
In our study, the effects of sevoflurane, propofol and isoflurane were compared. Sevoflurane is an inhalational agent that has a number of favourable properties for use in geriatric patients. 6, 7, 11 Propofol is a rapid, short-acting alkyl phenol with few sideeffects. It has high lipid solubility and is solubilized in a lecithin-containing emulsion. Propofol produces dose-dependent cardiovascular and respiratory depression, and leads to greater decreases in systemic blood pressure than thiopental when used for induction in elderly patients. 6, 7, 12, 13 A quick and uncomplicated post-operative recovery is beneficial in geriatric patients, so the effect of the anaesthetic agent on recovery 
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is important. In this study, recovery was quicker with sevoflurane than with isoflurane. These results are in keeping with data reported by others 14, 15 in geriatric patients. Juvin et al. 16 reported some advantage for desflurane compared with isoflurane or propofol for prolonged anaesthesia in elderly patients.
As in previous reports, 15, 17 no significant differences were observed between sevoflurane and propofol in our study with regard to the effect on recovery criteria; recovery time was longer in the isoflurane group than in the other two groups, however. This difference can be attributed to the lower blood/gas solubility coefficient of sevoflurane (0.6) compared with isoflurane (1.4).
Lien et al. 17 reported a similar recovery time for sevoflurane and propofol in patients aged between 18 and 70 years of age who were ASA group 1 or 2; Smith et al. 18 reported a quicker recovery time for sevoflurane than for isoflurane in adult patients aged 21 -69 years in ASA group 1 or 2, however. These reports concerned different age groups to those in the present study, but our results in geriatric patients seem to be consistent with their findings.
We conclude that in geriatric patients undergoing gynaecological or urological surgery, the choice of anaesthetic agent may have an influence on the post-operative recovery process. Since both sevoflurane and propofol are associated with a quicker postoperative recovery than isoflurane, these two agents should be preferred in the elderly.
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